A series of some new 3,5-unsymmetrically substituted 1,4-dihydropyridines have been synthesized, which have ethoxycarbonyl and acetyl groups on 3-and 5-positions, respectively. A three-step procedure has been examined to increase the yield of the desired products, by suppressing the formation of the symmetrically substituted 3,5-diacetyl-1,4-dihydropyridines and 3,5-diethoxycarbonyl-1,4-dihydropyridines.
Introduction
The preparation of symmetrically substituted 1,4-dihydropyridines by classical Hantzsch synthesis [1] , involving the condensation of an aldehyde, ammonia and acetoacetic ester or other 1,3-dicarbonyl compounds, was modified by Beyer [2] , Knoevenagel [3] to allow the preparation of unsymmetrical 1,4-dihydropyridines by condensation of an alkylidene or arylidene 1,3-dicarbonyl compound with a β -amino-a,β -unsaturated carbonyl compound, which is known as HantzschBeyer synthesis. Symmetrically substituted 1,4-dihydropyridine drugs are achiral molecules, but when the ester groups bear different alkoxy groups, a chiral center is established in the 4-position of the dihydropyridine ring. Chiral 1,4-dihydropyridines [4 -6] have been employed as synthetic intermediates for a wide variety of compounds such as natural products [7] , calcium channel blockers [8] , and NADH models [9] . Nifedipine, with symmetrical substituents on its dihydropyridine ring, is achiral; while second generation derivatives, such as felodipine, nitrendipine, nivadipine, nimodipine, nicardipine, and amoldipine, with unsymmetrical substitution (different ester groups on 3-and 5-positions), are chiral. Because of the importance of C-4 chirality with respect to the pharmacological activity of 4-aryl-1,4-dihydropyridines, the availability of asymmetric synthesis of this class of compounds is highly desirable. Various studies have been 0932-0776 / 06 / 0100-0050 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com devoted to the preparation of unsymmetrical 1,4-dihydropyridine-3,5-diesters, such as nitrendipine [10] , felodipine [11, 12] and others [13 -16] . Some studies have also been devoted to the preparation of unsymmetrical 1,4-dihydropyridines, in which an alkoxycarbonyl (ester) group and a alkanoyl (keto) group are located on 3-and 5-positions, respectively [14, 17 -21] . In the course of our studies on the chemistry of 1,4-dihydropyridines, especially their photochemical reactions, we have prepared various 1,4-dihydropyridine-3,5-diesters, known as Hantzsch dihydropyridine and also 3,5-diacetyl-1,4-dihydropyridines and investigated their photooxidation and oxidation to elucidate the effect of nature and type of 4-substituent and also the presence of ester or keto groups on 3-and 5-position on the rate of reaction [22, 23] . In continuation of these studies we were interested in the synthesis of 5-acyl-1,4-dihydropyridine-3-carboxylates, with the general structure 1. The aim of this work was to find out the best procedure for the preparation of these compounds by suppressing the formation of undesired by-products.
Results and Discussion
The Hantzsch dihydropyridine synthesis provides normally a convenient route to the preparation of all symmetrical dihydropyridines. Although the mechanism for the Hantzsch dihydropyridine synthesis has been followed by NMR [24] , the known mechanism for this reaction consists of three reaction paths, which occur simultaneously (Scheme 1): a) the Knoevenagel condensation between aliphatic or aromatic aldehyde with a 1,3-dicarbonyl compound yields an alkylideneor arylidene-1,3-dicarbonyl compound (path 1); b) the condensation between ammonia and a 1,3-dicarbonyl compound leading to the β -amino-a,β -unsaturated carbonyl compound (path 2); c) the reaction between both condensation products leading to the formation of a 1,4-dihydropyridine (path 3). Scheme 1. For the formation of 1,4-dihydropyridines unsymmetrically substituted at 3-and 5-positions it is important to select one of the two different 1,3-dicarbonyl compounds for use in path 1 or path 2 to increase the yields of both reaction paths and especially the yield of dihydropyridine in path 3. Since the formation of symmetrical dihydropyridines has been observed during the reaction path 3 [10, 16] , we have tried to synthesise some new and also some known 1,4-dihydropyridines which have a carboethoxy group and an acetyl group in 3-and 5-positions, respectively. It should be noted that in many reports on the preparation of unsymmetrical 1,4-dihydropyridines, the formation of symmetrical dihydropyridines was not mentioned [10 -21] . At first, as a test experiment, we have tried the synthesise ethyl 5-acetyl-2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3-carboxylate (1f) in two different ways (Scheme 2).
The data shown in Scheme 2 indicated that the results obtained according to the procedure A are bet- ter, therefore, this procedure has been chosen for the preparation of all unsymmetrical dihydropyridines in this work. The preparation of benzylidene intermediates was successful only in the cases of 4a -e, which were isolated and fully characterized. But in the cases of 4f -l, since the reaction in path 4 was not completed and the yields were low, ethyl 3-aminocrotonate (5) was added to the reaction mixture of path 4 after it had been refluxed before for 4 h. Table 1 shows the yields of 4a -e and 1a -e. Formation of symmetrically substituted dihydropyridines, namely 1,4-dihydropyridine-3,5-diester 6 and 3,5-diacetyl-1,4-dihydropyridine 7 has been observed in some of our reactions ( Table 2 ). These products can be obtained by a retro Michael process of the reaction intermediate followed by condensation of enaminoester 5 or enaminoketone 9 with the 2-benzylidene-1,3-dicarbonyl compound 4 or 8 to the symmetrical dihydropyridines. Formation of symmetrical dihydropyridine ester has been observed during the synthesis of unsymmetrical dihydropyridine ester [16] . The authors explain that the transformation of the benzylidene alkyl ester (with bulky substituent) to the benzylidene methyl ester according to the retro Michael process favors the formation of less hindered compound, which leads to the formation of symmetrical dihydropyridine methyl ester.
IR, 1 H NMR, MS and UV data gave useful information about the structural assignment of unsymmetrical 1,4-dihydropyridines (1a -l). This was supported by the following observations: a) A NH and two different CO absorption bands are found in the IR spectra corresponding to the acetyl and ester groups, respectively, and also the presence of dihydropyridine ring. b) The 1 H NMR spectra show two different absorptions around δ = 2.4 ppm for the CH 3 CO group as singlet and also triplet around 1.3 ppm for the methyl group of the CO 2 CH 2 CH 3 moiety. The interesting point is that due to presence of a chiral center at C-4, the CH 2 moiety of the CO 2 CH 2 CH 3 group is diastereotopic and appears as two quartet of quartets and in most cases as two partially overlapped quartet of quartets. c) The mass spectra show molecule ion peaks of each compound and also several peaks due to characteristic fragmentation. d) The UV spectra show characteristic absorption above 300 nm for the dihydropyridine ring.
Experimental Section
Melting points were determined using a Stuart Scientific SMP2 capillary apparatus and are uncorrected. IR spectra were recorded from KBr discs on Philips PU 9716. 1 H NMR spectra were recorded with a Bruker DRX 500 (500 MHz) instrument. They are reported as follows: Chemical shifts δ , [multiplicity, number of protons, coupling constants J (Hz), and assignment]. Mass spectra were obtained on Sisonn, TRIO 1000, EI-mode at 70 eV. Elemental analysis were run on Euro EA-CHNS analyzer. UV spectra were measured on a Shimadzu UV-160 spectrometer. Preparative layer chromatography (PLC) was carried out on 20 × 20 cm 2 plates, coated with a 1 mm layer of Merck silica gel PF 254 , prepared by applying the silica as slurry and drying in air.
General procedure for the preparation of benzylidene intermediates 4a -e [25]
A mixture of the appropriate benzaldehyde (1 mmol) and acetylacetone (0.110 g, 1.1 mmol) was stirred for approximately 1 min at 65 • C in a pre-heated oil bath until a homogeneous viscous liquid has been obtained. After that piperidine (0.015 g, 0.18 mmol) and glacial acetic acid (0.011 g, 0.18 mmol) were added to the stirred mixture and the progress of reaction was followed by TLC. After the reaction was completed, the mixture was cooled to room temperature, ether was added and the solid products were recrystallized from an appropriate solvent. 
Physical and spectroscopic data 3-(2-Nitrobenzylidene)pentane-2,4-dione

General procedure for the preparation of unsymmetrical 1,4-dihydropyridines 1a − l
A mixture of ethyl 3-aminocrotonate [26] (0.129 g, 1 mmol) and pure benzylidene 4a -e (1 mmol) or the reaction mixture of not completed benzylidene reaction and glacial acetic acid (0.009 g, 0.15 mmol) in methanol (5 ml) was refluxed with stirring under protection from light for the time given in Table 3 . The solvent was evaporated, the residue was dissolved in ethyl acetate and cooled in a refrigerator. The precipitated products were purified either by recrystallization or column chromatography. 
Ethyl-5-acetyl-2,6-dimethyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3-carboxylate
